The ring-collapse mechanism that suggests the reactions among the mono-to polycyclic carbon clusters has been analyzed using semiempirical AM1 and HF/6-31G* methods. The two cage structures D 2 ͑chiral͒ and T d ͑achiral͒ for the C 28 clusters are considered. Basing on the ring-stacking/circumscribing model and the ring-collapse mechanism various precursors are selected along with some appropriate carbon belts. Reactions between the precursors and the belts are found to be endoergic and lead to stable intermediates. All these stacking processes follow gradual and sequential paths. Various possible transition states structures ͑TSs͒ have been located and the barrier heights are found to be well within the earlier prescribed limits. Further, stacking the stable intermediates by suitable carbon belts generate the desired cage structures. The second step of the stacking resembles the annealing mechanism for the formation of the cage structures that is essentially an exoergic process. In this annealing process cascade-type bond formation is visualized. Finally, basing on the deformation energies of the precursors and the barrier heights, it is observed that monocyclic precursors are more suitable for the fullerene growth mechanism.
INTRODUCTION
The recent synthesis 1 of solid C 36 fullerene might be viewed as another milestone in the study of fullerene chemistry. Low-mass fullerenes possessing high curvatures and increased strain owing to the presence of adjacent pentagonal rings could lead to solids with unusual intermolecular bonding and electronic properties.
1 The C 36 paper by Piskoti et al. 1 in turn begs the question whether even smaller fullerenes might be synthesized. After the epoch making the discovery of C 60 ͓Buckminster fullerene, BF ͑Ref. 2͔͒ in 1985, the growth of fullerene chemistry had to reluctantly wait for more than 5 years until C 60 was synthesized in bulk quantity for the detailed experimental characterization. 3 At that juncture the progress in the characterization of lower fullerenes were considered to be only of theoretical interest. But, now with the synthesis of C 36 , a new area in the lower fullerene domain has emerged.
A record number of scientific investigations have already been carried out relating to a family of carbon materials possessing sp 2 covalently bonded carbon atoms such as fullerenes, graphene tubules, and related carbon structures. 4 But, the most important aspect regarding the fullerene formation mechanism has not yet been fully understood. In the recent years, the number of attempts have been made both experimentally and theoretically in order to unveil the mystery of the fullerene growth mechanism. After several models of growth mechanisms by the stepwise additions of fragments had been put forward and denied for the lack of evidence, 5 the ''ring-collapse'' mechanism emerged as the outcome of the elegant ''ion-chromatography'' experiments. 6, 7 It is now widely believed that the 3D carbon cages are formed by the reactions between mono-to polycyclic carbon clusters. 5͑c͒ Further, it may be mentioned that carbonization is a process of thermal transformation of the organic materials to carbon. Gas phase carbonization in hydrocarbon flames is referred to as soot formation. In profile sampling of flames from hydrocarbon combustion under sooting conditions, the combustion products change sequentially from aliphatic chain, aliphatic ring, polycyclic aromatic, and finally fullerene as the distance from the flame base increases. [8] [9] [10] [11] [12] [13] While trying to chase the thermal road for fullerene annealing, Marcos et al. 14 have pointed out that the preferential formation of BF ͑under correct experimental conditions 12 ͒ is yet to be fully understood. The difficulty is supposed to be stemmed from the fact that the production of BF does not take place under thermal equilibrium conditions, rather it involves into a kinetic-controlled process. Further, it is pertinent to note that in all the proposed growth models, the BF formation demands an annealing mechanism ͑involv-ing the rearrangement of pentagons and hexagons͒ in order to generate the required BF (C 60 ) from among the 1812 fullerene structures. Unfortunately, even this last step of annealing the fullerene structure is yet to be understood very clearly because the most expected basic transformation for the ring rearrangement in fullerene cages proposed by Stone and Wales 15 ͑SW͒ has been shown to have a substantial high activation barrier which might prevent the SW transformation from being an efficient annealing mechanism for fullerene. 14 A Survey of literature reveals that several models have been proposed in order to study the growth mechanism of a͒ On leave from Department of Chemistry, Sambalpur University-768 019, Orissa, India.
b͒ Author to whom correspondence should be addressed. Fax: ϩ886-5-2721040; electronic mail: chesll@ccunix.ccu.edu.tw fullerenes. The proposed models can be roughly divided based on two major concepts, 16 such as, pentagon road ͑PR͒ mechanism 17 and fullerene road ͑FR͒ mechanism. 18 In the FR mechanism, it is supposed that the cluster grows as a linear chain up to C 10 , ring forms at C 10 to C 20 , and fullerene starts forming at C 28 . Here, in this model it has been assumed that the graphitic sheets do grow from small carbon radicals, but do not stay open. Instead they close to form fullerene as soon as possible ͑possibly starting with C 28 ͒.
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These small fullerenes violate the pentagon rule since they are bound to have adjacent pentagons in order to have the cage structures. However, they do not have dangling bonds, and the expectation is that they may be having the lowest energy structures. In the PR mechanism, the pentagonal rings are added to the hexagonal network in order to curl the graphite sheet leading to a spherical structure. Further, it has been argued that the pentagons reduce the number of dangling bonds and the placement of pentagons should be nonadjacent in order to minimize the stress. Wakabayashi and Achiba 19, 20 have suggested a similar model known as kinetic-ring stacking model, where fullerenes can be constructed by stacking the proper-sized carbon rings. Dias 21 has proposed a circumscribing algorithm based on a qualitative graph theoretical footing which is akin to the kinetic-ring stacking model. This algorithm can be stated as a method of encircling a polycyclic conjugated hydrocarbon by a ring of carbon atoms and incremented by additional hydrogens in such a way as to form only hexagonal rings. This process is termed as hexagonal circumscribing.
21͑f͒ Reversion of this process generates the base ''excise internal structure ͑EIS͒'' which can be termed as the precursor for the fullerene growth process. Successive circumscribing of qualified conjugated hydrocarbons with a combination of pentagonal and hexagonal rings terminates at fullerenes when the number of pentagonal rings reaches 12 or terminates at systems that can be capped to give fullerenes with 12 pentagonal rings. 21͑f͒ Scuseria and co-workers [22] [23] [24] have carried out cycloaddition reactions, such as 2ϩ2, 2ϩ4, 4ϩ4, and 4ϩ6 systems containing carbon clusters in order to have a plausible fullerene assembly mechanism and observe the formation of a hoop which finally converts to a cage.
Here, in this study, we have considered the lowest synthetically feasible C 28 fullerene [25] [26] [27] and its growth process. From a recent DFT study 28 it is confirmed that C 28 fullerene can exist in two different cage forms such as chiral (D 2 ) and achiral (T d ). Based on the qualitative circumscribing algorithm/kinetic-ring stacking model and the concept of ''ring-collapse'' technique various precursors are chosen. Appropriate carbon belts are selected for the reactions between the precursors and the belts. While carrying out the stackings/reactions, different stable intermediates are being generated before the formation of the final cage structures. A quantum chemical AM1 study has been done to locate the various possible transition states structures ͑TSs͒ of the reactions between the precursors and the belts. Further, the reactions between the stable intermediates and the final belts have also been characterized by analyzing their respective TSs. After locating the TSs, few representative TSs are also confirmed at the Hartree-Fock ͑HF͒ level using the 6-31G* basis set. 29 Further, the C 28 (T d ) cage has been confirmed to be the lowest energy cluster by HF calculations. 29 The recent DFT calculations suggest that C 28 (D 2 ) has a higher energy than the T d structure. 28 The T d structure has 18 shared five-membered ring edges while D 2 has 20. Further, Portmann et al. 28 have observed that T d with multiplicity 5 is favored by a maximum of 1.87 eV at the HF/cc-pVDZ//B3LYP/cc-pVDZ level and a minimum of 0.59 eV at the MP2/cc-pVDZ//B3LYP/cc-pVDZ level with respect to D 2 having multiplicity 1. Earlier Guoet al. 30 have employed the HF level using double-zeta basis sets and pointed out that a 5 A 2 high-spin open-shell electronic state with one electron in the 8a 1 molecular orbital and three electrons in the 14t 2 orbital has been the ground state for that C 28 (T d ) cage. Martin 31 has given the values of the geometrical parameters for the T d cage and Portmann et al. 28 have given the geometrical parameters for the D 2 cage structure.
PRECURSORS AND BELTS
Ebbesen et al. 32 have performed the 12 C/
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C isotope scrambling measurements and unambiguously clarified that carbon vapor consisting of the smallest clusters are formed before the formation of the fullerenes. In the kinetic-ring stacking model, it is supposed that, first a C 10 monocyclic ring is formed and then it is deformed to give the polycyclic ring structure. When this polycyclic ring structure is stacked with a suitable carbon belt, it gives the bowl structure ͑inter-mediate͒ and further stacking the intermediate with another appropriate carbon belt could give the desired cage structure. Again, it has been mentioned that the monocyclic C 10 might have been formed by the aggregation of carbon atoms in the soot generator and could also be thought to be one internally excited ''hot'' molecule. 19 In order to minimize the dangling bonds in the C 10 monocyclic ring, it can be deformed to 2 hexagons or 3 adjacent pentagons. In fact, if it is deformed to 3 pentagons ͑acepentylenehexyl͒, the dangling bonds reduce to 6. The whole idea of stacking/circumscribing is to reduce the number of dangling bonds of the precursors when it is stacked by a carbon belt which ultimately proceeds towards the formation of a cage structure. Hence, selecting a precursor like acepentylenehexyl ͑Fig. 1, 1͑a͒͒ and stacking it with a C 12 belt one obtains an intermediate of the type 1͑b͒ ͑Fig. 1, 1͑b͒͒. Finally, when one 1͑b͒ is further stacked with a C 6 then the required C 28 (T d ) cage structure is obtained ͑Fig. 1, 1͑c͒͒. The other precursor which one could choose is the benzenehexyl ͑Fig. 1, 2͑a͒͒. When this precursor is stacked with a C 12 belt, it gives an intermediate like 2͑b͒. Again, this 2͑b͒ is stacked with a C 9 belt to give 2͑c͒ an intermediate. Finally, this intermediate is capped by a single carbon atom and the required cage structure is obtained. Similarly, for the C 28 (D 2 ) fullerene, benzenehexyl and indenylheptyl can be chosen to be the precursors ͑Figs. 1, 3͑a͒ and 4͑a͒͒. Again stacking, 3a and 4a with C 13 belts and finally capping them with C 6 and C 9 , respectively, the cage structure C 28 (D 2 ) could be obtained. It may be pointed out that the stability of the ring C 6 over the linear isomer is about 0.1 eV/atom as is evident from an earlier ab initio result. 33 Hence, the C 6 ring can easily be used as a precursor.
METHOD OF CALCULATIONS
The calculations are performed by using standard AM1 Hamiltonian implemented within the MOPAC93 program. 34 Equilibrium and saddle point geometries ͑TSs͒ of the reactions have been fully optimized using Baker's eigenvector following ͑EF͒ procedure 35 since the gradient norm obtained here is significantly better than that obtained using the BFGS algorithm. The TSs have further been refined by using TS option with DMAXϭ0.05 and RECALCϭ1. Stationary points on the potential energy surface have been characterized using the diagonalized Hessian Matrix. The force calculations have been carried out to confirm the single imaginary frequency for all the TSs and the corresponding vibrational modes depict the reaction coordinates. Further, all positive vibrational frequencies are obtained for the intermediates in the AM1 generated vibrational spectra. In order to confirm the TSs generated, the AM1 optimized geometries are further subjected to a higher level calculations by using HF 6-31G* calculations 36 which ensure the single imaginary frequency along with a change in the geometry. Again, to calculate the deformation energy of the reactants, a single point geometry calculation of the fragment depicting the reactant at the various TSs have been evaluated. Then, the difference between the energies of the said reactant at the single point geometry and the equilibrium geometry has been calculated. The energy difference between the two depicts the deformation energy of the reactant under consideration.
REACTIONS BETWEEN THE PRECURSORS AND THE BELTS
For the generation of the C 28 (T d ) two different precursors like 1a and 2a ͑Fig. 1͒ are allowed to stack with C 12 belts in order to have the stable intermediates ͑1b, 2b, Fig.  1͒ . In both the cases six new connecting bonds are formed between the precursors and the belts. In the reaction between 1a→1b, three six-membered rings and three five-membered rings are formed whereas, in the reaction 2a→2b, six fivemembered rings are formed. When we try to locate the various possible TSs and their corresponding intermediates for the above reactions, we observed that the reactions are multisteps in nature. The bond forming mechanism is found to proceed in a gradual and sequential manner. Figures 2͑A͒ and 3͑A͒ depict the various TSs and their intermediates. It may be further mentioned that some TSs cannot be located owing to their very close proximity with the located TSs. In fact, the nonisolation of all the TSs in a gradual way is not belittling our calculations for the activation barriers (⌬E # ). The trend in the ⌬E # could well be visualized from this study. It may be observed that in the first route, the possibility of forming the five-membered or the six-membered ring is equally there at the very first step. The TS1-1 clearly reflects the formation of the five-membered ring rather than the six-membered ring in between the precursor and the belt. In order to understand why a five-membered ring is favored than the six-membered ring, we have calculated the stability of the cycloadducts which are formed by 1a and the C 12 belt connected by a five-membered or a six-membered ring. It is observed that the five-membered cycloadduct is 0.4348 eV more stable than the six-membered cycloadduct. Hence, we believe that a 2ϩ3 cycloadduct is more preferable than the 3ϩ3 cycloadduct. When the next 2ϩ3 adduct is formed, a six-membered ring is automatically formed in between them ͑TS1-2͒. Finally, the stable intermediate 1b is formed and the process is found to be an endoergic one suggesting all ''late'' TSs. 37, 38 In the case of the other route 2a→2b, all fivemembered rings are formed gradually and the different steps of their formation have been shown in Fig. 3͑A͒ . This route also happens to be an endoergic one. The ⌬E # in both the routes are within the acceptable range as prescribed earlier by Osawa et al. 39, 40 Similarly for the formation of the C 28 (D 2 ), we have chosen two precursors such as 3a and 4a. When both these precursors are stacked with C 13 belts we obtained 3b and 4b stable intermediates ͑Fig. 1͒. Figures 4A and 5͑A͒ depict the energy profile for these two routes. It is interesting to note that in the case of the reaction between 3a→3b, only one six-membered ring is formed and five fivemembered rings are formed ͑3b͒ with six new connecting bonds. Out of the two possibilities, if the six-membered ring is going to be formed first ͑a 2ϩ4 cycloadduct͒ a minimum energy path is followed then the five-membered ring formation ͑a 2ϩ3 cycloadduct͒. Figure 4A clearly indicates the energetic path difference between the two possibilities. Hence, one can argue that a 2ϩ4 cycloadduct is a much more feasible way than the 2ϩ3 cycloadduct. While considering the other route 4a→4b, it is observed that one sixmembered and six five-membered rings are formed in 4b. But, the six-membered ring is a product of a 3ϩ3 cycloadduct and the rest are either 2ϩ3 or 3ϩ2 cycloadducts. As pointed out earlier, the 2ϩ3 cycloadduct would be preferred than the 3ϩ3 adduct, and the five-membered ring would be formed at the initial step ͓Fig. 5͑A͔͒. Further, one can notice that all these reactions are endoergic in nature and the activation barriers are within the prescribed limit.
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CASCADE BOND FORMATION
When the suitable intermediates like 1b, 2b, 3b, and 4b are further stacked by C 6 , C 9 , C 9 , and C 6 belts, respectively, the required cage structures are generated excepting in the case of the second route of C 28 (T d ) formation which finally requires a capping by a single carbon center. All these reactions are found to be exoergic in nature and the TSs could be termed as ''early'' TSs. 37, 38 The mechanism of these reactions might be akin to the fullerene annealing mechanism. Earlier quantum chemical calculations have shown that the concomitant liberation of vibrational energy ͑10-20 eV͒ is more than enough to afford annealing of the carbon cages to its most stable cage. 24, 39 The new connecting bond formation in all the cages are gradual and sequential which closely resembles a cascade type bond forming mechanism ͓Figs. 2͑B͒, 3͑B͒, 4͑B͒, and 5͑B͔͒. Various TSs and their corresponding intermediates ͑ensuring all positive vibrational frequencies in the AM1 generated IR spectra͒ are depicted in the above figures. The reaction between 3b→3c, shows that seven new connecting bond are going to be formed. We obtained two TSs ͓TS3-8 and TS3-9, Fig. 4͑B͔͒ which refer to with and without edge capping. From this one finds that the edge capping requires an energy equal to 1.0949 eV. For the formation of the C 28 (T d ) taking the 2a precursor requires two stable intermediates ͑2b and 2c͒. It is interesting to note that after locating a TS with four new connections ͑the fifth bond is going to be formed͒, we located another TS with six new connections but with two imaginary frequencies. The associated vibrational mode for the first one refers to all the six bonds that are established between the C 18 ͑bowl͒ and C 9 belt. The other one refers to the vibration of the three carbon centers possessing dangling bonds in the C 9 belt. This second order saddle point 41, 42 clearly indicates the requirement of the capping of the C 27 ͑near cage͒ with a single carbon center in order to give the cage structure.
The last step of the reaction, i.e., 2c→2d is also found to be exoergic in nature. The attachment of the three carbon centers possessing dangling bonds with the single carbon center is also not a synchronous process. It is observed that one of the carbon atoms from C 27 ͑having dangling bond͒ attached to the single carbon center earlier and the other two are attached later simultaneously ͓Fig. 3͑C͔͒.
DEFORMATION ENERGIES OF THE PRECURSORS
For the formation of the C 28 (T d ) a tricyclic precursor ͑acepentylenehexyl͒ and a monocyclic precursor ͑benzene-hexyl͒ are taken into consideration. The deformation energies DE 1 and DE 2 represent the DE of the precursors and the belts, respectively, for the different reactions. All the data are given in the Table I . It may be noted that the tricyclic precursor attains a DE equal to 12.0892 eV and the C 12 belt attains a DE equal to 7.9778 eV. Hence, with this high DE there is a chance of the cleavage of the precursor when it would be stacked by the belt. But, after the formation of the stable intermediate ͑1b͒, the deformation energies are relatively lowered in the second step. On the other hand, the monocyclic precursor in the second route attains a DE equal to 2.722 eV and the belt taking part in the stacking process attains a DE equal to 7.3272 eV ͑TS2-3͒. Hence, one can notice that the monocyclic precursor is not deformed to a great extent and could be a better precursor than the tricyclic one. For the formation of the C 28 (D 2 ) a monocyclic and a bicyclic precursors are chosen in two different routes. The DE analysis reveals that the monocyclic precursor in the route 3a→3b attains a minimum DE than the bicyclic precursor in the route 4a→4b. In the route 3a→3b, it may be noted that when a six-membered ring is formed between the precursor and the belt the DE is slightly more than the case where a five-membered ring is formed between them ͑TS3-2, TS3-1͒. When we consider the DE of the C 13 belt also we noticed a same kind of situation in both the cases. In the other route for the formation of C 28 (D 2 ) the bicyclic precursor deforms strongly to an extent of 8.9534 eV and there may be the chance of cleavage during the stacking process. Hence, this study clearly indicates that the monocyclic precursor is favored more than the bicyclic or tricyclic precursors for the formation of the C 28 cages.
ANALYSIS OF THE NEW CONNECTING BONDS BETWEEN THE PRECURSORS AND THE BELTS
All the new connecting bonds which are formed between the precursors and the belts during the ring-collapse processes are characterized by considering the optimized TS structures and the stable structures. Table II presents bond lengths of the various new connecting bonds formed during the stacking processes. The new connecting bonds keep on varying until the last TS is reached. It is interesting to note that for the route 1a→1b→1c, the first TS, i.e., TS1-1 depicts the formation of a single new bond and the second one is going to be formed. Initially, it is observed that when this single connection is established the bond length is almost equal to a C-C resonating bond. At the same time the distance between the other two atoms where another bond is going to be formed is 1.998 Å. Once, this second bond is formed ͓2I 1 , Fig. 2͑A͔͒ a large window is created between the precursor and the belt. Gradually, the window closes with the formation of the five-membered and six-membered rings and the bond length varies in each TS. When the system reaches the last TS ͑TS1-3͒, the new connecting bonds attain a little bit higher bond lengths than the completely optimized stable intermediate ͑Table II͒. Further, when this stable intermediate 1b is stacked with the C 6 belt, we noticed that a large window is formed and the system appears to follow a cascade type bond formation mechanism. As expected the new connecting bonds in TS1-6 are little bit higher than the stable C 28 (Td) cage structure. One can easily notice that when this 1b bowl and the C 6 belt are allowed to collapse, at the beginning the new connecting bonds between the pentagons of the bowl and the belt are formed. After that, the hexagons are gradually connected with the belt ͓Fig. 2͑B͔͒. It may be further noted that at TS1-6, a, b, and c bonds are almost identical which are connecting the pentagons of the 1b with the C 6 belt. Similarly, d and e bonds are also almost close to each other depicting the connections between the hexagons of 1b with the belt. These six new edges are shared by the two pentagon rings. Earlier, Guo et al. 30 have carried out ab initio calculations at the SCF͑HF͒ level with the double zeta basis set and calculated the bond lengths for the C 28 (T d ) to be 1.482 Å for the bonds between the adjacent pentagons. Our semiempirical AM1 level of calculation also reveals a little deviation from the ab initio calculations. Further, we have also calculated the bond lengths of TS1-2 by using HF/6-31G* and compared the bond lengths with the AM1 calculated results. It is observed that in both methods the bond lengths are almost close to each other. Analyzing the new connecting bonds in the other route, i.e., 2a→2b→2c→2d, we observed that all the bonds formed in 2b are identical as six five-membered rings are formed. The formation of the five-membered rings only follow a gradual and sequential order. When we try to compare the bond lengths with that of the geometry optimized structure, we noticed that they are very close to each other. As per the earlier ab initio calculated results, 30 these semiempirical results almost match with the values for the bonds between two adjacent pentagons. When 2b is stacked with the C 9 belt ͑annealing process͒, the building of the near cage structure (C 27 ) has been initiated by the formation of the pentagons. After the formation of the pentagons the window closes and the hexagons are formed gradually. Here, also one can notice that the new connecting bonds keep on changing until it reaches the last TS. Further, we have calculated the new connecting bonds in the TS2-7 by employing HF/6-31G* and observed that they are quite close to the semiempirical results. While trying to make an analysis for the new connecting bonds between the precursors and the belts for the C 28 (D 2 ) cage, we obtained the following important observations. The recent DFT calculations regarding this cage suggest that the bond lengths of this cage structure to lie in the range 1.386-1.529 Å. 28 In fact, this semiempirically calculated results also lie in the same range. When we try to focus our attention towards the stacking of the C 6 through the C 13 belt we observed two different paths ͓Fig. 4͑A͔͒. In the first route five-membered ring triggers the reaction while in the other path six-membered ring initiates the formation of the bowl ͑3b͒. A close analysis of the two paths reveals that the least energetic route is being the second one. Hence, we try to investigate the nature of the formation of the new connecting bonds in the second path. The new connecting bonds between the precursor ͑3a͒ and the belt C 13 keep on changing until the system goes to TS3-5 ͓Fig. 4͑A͔͒. The two bonds which create the six-membered ring are almost identical and the rest bonds are very close to each other. Further, when 3͑b͒ is stacked through a C 9 , it is observed that the fivemembered rings are formed at the beginning and gradually the window closes. Again, the two edges which create the six-membered ring are almost identical as evident from both AM1 and HF/6-31G* results. Analyzing the other route for the formation of C 28 (D 2 ), it may be noticed that only one six-membered ring is formed and six five-membered rings are formed. It is interesting to note that only one fivemembered ring appears to be 3ϩ2 cycloadduct where as others are 2ϩ3 cycloadducts. Hence, a and e bonds are almost identical, whereas bonds b, c, and g are identical and slightly longer than a and e. As expected the bond f and d are almost identical being the edges of the six-membered ring. When 4b is stacked by C 6 , ͑b, e͒ and ͑c, d͒ bonds are almost the same as appeared from our calculations. The only sixmembered ring which appears in the stacking is found to form at the last stage. From this analysis it is clear that the semiempirical AM1 calculated bond lengths are consistent with the ab initio and DFT results.
CONCLUSIONS
The ring-collapse technique which is now widely believed to be the acceptable mechanism for the 3D cage formation for the carbon clusters has been judged through quantum chemical AM1 and HF/6-31G* methods. It is observed that the reactions between the precursors and the belts are endoergic in nature with the prescribed activation barriers whereas, the reactions between the stable intermediates ͑bowls͒ and the belts are exoergic which might be akin to the fullerene annealing process. A cascade bond forming mechanism has been noticed in the annealing process. In summary, it may be pointed out that the cage structures of small clusters might be due to two competing factors such as the tendency to form closed cagelike structures in order to minimize the dangling bonds through stacking of the precursors with the appropriate carbon belts and secondly the strain energy of the small clusters with high curvatures opposing the closure of the small clusters which might eventually lead to one window opening mechanism to help releasing the strain energy of small fullerene geometries. We believe that our study certainly injects an element of reality towards the formation and annealing mechanism of the small fullerenes.
